INTRODUCTION
============

Spinal muscular atrophy (SMA) is a neuromuscular disorder, characterized by autosomal recessive inherited mutation in survival motor neuron gene (*SMN1*). Mutation in *SMN1* causes degeneration of anterior horn motor neuron and leads to hypotonia, muscular weakness and atrophy ([@b2-jer-15-2-322]). In SMA type II, symptoms such as disability of head control and hypotonia show up before 18 months of age. Although children are able sit and stand independently, they are unable to walk. Also, pulmonary complications and dysphagia commonly are seen ([@b7-jer-15-2-322]; [@b16-jer-15-2-322]).

Until recently, there was no clear treatment of the disease, while nusinersen, an antisense oligonucleotide, was approved by both U.S. Food and Drug Administration and EMA for all types of SMA in the last year. In a published study regarding the results of the clinical trial, this oligonucleotide was found out to be effective in 51% of patients with SMA type I ([@b4-jer-15-2-322]). Currently nusinersen is only administered for SMA type I in Turkey. However physiotherapy, diet, pulmonary support and drug treatments are applied for the symptom control ([@b16-jer-15-2-322]). The goal of physiotherapy is to protect the functionality of children at the highest level by minimizing the symptoms of the disease. Although there are studies in which different sub-parameters of aerobic training are used, such as hydrotherapy and ergometer training in adult SMA type III who were able to walk, there are limited studies about the children with type II due to the progressive nature and rareness of the disease ([@b8-jer-15-2-322], [@b15-jer-15-2-322]). In these studies, generally the effects on motor function were investigated. Our study hypothesis was that aquatherapy was more effective than ergometer training on improving motor and pulmonary function and quality of life.

The aim of this study was to determine the effect of two different aerobic training modalities on pulmonary functions and quality of life as well as motor function in a child with SMA type II.

MATERIALS AND METHODS
=====================

Case description
----------------

A boy with the age of 60 months was included to the study. His body mass index (BMI) was 18.14 kg/m^2^ (weight, 20 kg; height, 105 cm). The child was carried to 39 weeks of pregnancy, born via cesarean delivery, and weighed 3.4 kg at birth. There is no family history of SMA. Although the child was able to sit at 6 months, family applied to hospital at 16 months of age due to child's lack of ability to stand and walk, hypotonia and general weakness of the limbs and body. After the child was examined by a pediatric neurologist and a referral was made for a genetics consultation. The DNA analysis revealed that homozygous deletion of exon 7--8 region in the *SMN1* gene and two copies of the *SMN2* at 18 months. He has received conventional physiotherapy approaches (stretching, range of motion, trunk and upper extremity strengthen and standing exercise with support etc.) upon diagnosis. Because of frequent pulmonary infections at the age of 3, 2.5 mg of ventolin was prescribed daily for the duration of 6 months. The main symptoms of the child were that he lacked head control and was unable to stand before he began his physical therapy sessions. The expectation of investigators was to minimize these symptoms after ergometer training and aquatherapy. The child and his parent expectations were the same. Written informed consents were granted from the boy and his parents.

Examination
-----------

Goniometric measurements of shortness and joint limitation, as well as the following physiotherapy assessments were applied on initial assessment and end of training. Also follow-up assessments were carried out 1 year after aquatherapy.

### Motor function

Motor functions were measured with the Hammersmith Functional Motor Scale (HFMS) and Gross Motor Function Measure (GMFM-88). HFMS was developed by [@b9-jer-15-2-322] to examine motor skills and clinical course of SMA type II and III children. The scale consists of 20 items evaluating functions such as rolling, sitting and standing. Each item is scored between 0 and 2 points, and maximum score is 40. There is a correlation between scores and motor skills, higher score means better motor skills.

GMFM-88 was developed to evaluate gross functions in children with cerebral palsy ([@b14-jer-15-2-322]). The GMFM-88 scale is also a valid and sensitive outcome measure for children with SMA ([@b12-jer-15-2-322]). The GMFM-88 items are divided into 5 subparameters (lying and rolling; sitting; crawling and kneeling; standing; and walking, running and jumping). Each item is scored as 0 (does not initiate), 1 (initiates), 2 (partially completes), and 3 (completes). Total score is given as a percentage and a healthy 5-years-old is expected to take the full score (100%) on this scale.

### Pulmonary function

The pulmonary functions of the child were measured using a Spirobank G USB device and the data was transferred to the computer via Winspro software. Pulmonary function test was performed in compliance with American Thoracic Society guidelines ([@b11-jer-15-2-322]). The child was asked to perform the test for three times with maximum effort. The highest forced vital capacity (FVC), forced expiratory volume in 1 sec (FEV~1~), FVC/FEV~1~ and peak expiratory flow values were recorded. The child was motivated before each evaluation by saying that there were different animals on the back of the screen on the computer, the stronger and longer the expiration or the more he coughed and the more he could see the animals.

### Quality of life

The PedsQL 3.0 neuromuscular module was completed both by child and parents to assess the quality of life of the child. The questionnaire can be used in 4 different age groups which are 2--4, 5--7, 8--12, and 13--18 years old. The child self-report consists of 17 items and the parent proxy-report has 25 items. There are expressions in the both report as 'It is hard to breathe'. Each expression scores 0 (never), 2 (sometimes), and 4 (always) in the child self-report. In the parent proxy-report, each item is scored between 0 (never) and 4 (always). High scores show higher quality of life ([@b6-jer-15-2-322]).

Interventions
-------------

### Ergometer training

Ergometer training was held 3 times a week for 12 weeks in the clinic under physiotherapist supervision. Ergometer training was given with MOTOmed viva2 device (Betzenweiler, Germany). The MOTOmed viva2 device provides visual feedback about child's cycling motion whether it is passive or active, symmetrical. Cycling ergometer training is given at 60%--70% of maximum heart rate measured by a pulse oximeter. Each session consisted of a 5-min warm-up, 20-min active cycle ergometer and a 5-min cooling period. After the 5 min of resting period, the child continued the same protocol for arm-cycling ergometer training at 60%--70% of the maximal heart rate. He sat on a height adjustable chair with back support during training.

### Aquatherapy

A 6 weeks of wash-out period was given after ergometer training. Then the Halliwick method, was administered 45 min twice a week for the duration of 12 weeks. The aquatherapy was administered in a 7.5-m×25-m therapy pool. The height of therapy pool 140 cm and water temperature was 30°C--32°C. Arm and leg cuff floatation devices were used for the child's safety. The parent was present during the therapy sessions to enhance the child's motivation and minimize his fear of water. Therapy consists of 5--10 min of warm-up (such as breathing and walking \[with the help of elevation\]) and stretching exercises, 40 min of Halliwick concept ([@b10-jer-15-2-322]) (lying in different directions, rolling and swimming) and 5--10 min of cool-down exercises (walking).

He continued to receive the conventional physiotherapy (stretching, range of motion, trunk and upper extremity strengthen and standing exercise with support etc.) 3 times per week during ergometer training, wash-out period and aquatherapy session. Patient did not take any medication during exercise training periods.

RESULTS
=======

BMI after ergometer training was 17.35, while before aquatherapy it was 17.07 and 16.74 kg/m^2^ after aquatherapy. BMI of follow-up was 18.90 kg/m^2^. In the result of goniometric assessment, right hip flexor muscles and bilateral hamstring shortening were determined. In addition, 8° and 9° limitation found at the right and left ankle joint, consecutively. There was no change in shortness and joint limitation values during treatment sessions and follow-up.

After ergometer training and aquatherapy, GMFM total scores were improved by 13.37 and 11.04, successively. HFMS score was increased by five points after ergometer training and three points after aquatherapy. The motor function changes are shown in [Fig. 1](#f1-jer-15-2-322){ref-type="fig"}. Changes in pulmonary functions and the quality of life values of the child and also his parent values are shown in [Table 1](#t1-jer-15-2-322){ref-type="table"}. These gains were largely maintained during follow-up period.

After aquatherapy, his parents addressed questions such as what kind of training is more effective, and whether side effect was experienced during the training. His mother stated that two different aerobic training improved general function as well as especially leg function and there is no side effect. It was also stated that the child is more willing to participate in aquatherapy and has greater confidence that he will develop his movements after aquatherapy sessions.

DISCUSSION
==========

In this case report, the effects of 12 weeks of ergometer and 12 weeks of aquatherapy programs have been compared and it has shown that all parameters recorded, except for the quality of life of the child, introduced positive changes and these changes were shown to be largely maintained in the follow-up process.

Although there is no study regarding ergometer training with children with SMA, there is a study carried out regarding ergometer training in the adults with SMA ([@b15-jer-15-2-322]). In the study carried out by [@b8-jer-15-2-322] it has stated that cycling ergometer training conducted on 6 SMA type III and 9 healthy children, increases the maximal oxygen consumption in SMA type III children without forming muscle damage, but it is not effective in the function and caused fatigue. In a study in which the effects of a bicycle ergometer training in eight adults with spinal and bulbar muscular atrophy were investigated ([@b13-jer-15-2-322]), it has determined that maximal workload and citrate synthesis have been increased but no improvement is observed in maximal oxygen consumption and daily living activities. Contrary to the studies conducted, after the ergometer training it has been shown that SMA type II children develop gross motor function and positive effects on life quality of child from parent's aspect in this case report. It is considered that the reason of development in the gross motor function, quality of life is that this study investigated the children patients on their early age comparing the other studies.

SMA motor development is characterized with progressive muscle weakness. In the study of the effectiveness of aquatherapy in patients with SMA types II and III who received treatment according to Halliwick method, significant improvements in motor activities of daily living were recorded ([@b1-jer-15-2-322]; [@b5-jer-15-2-322]). In two separate case reports with children with SMA types I and III, hydrotherapy training has been shown to improve gross motor functions and gait parameters ([@b3-jer-15-2-322]; [@b15-jer-15-2-322]). In this case report, after both ergometer training and aquatherapy, it has been observed that there has been development in the HFMS and GMFM. In all types of SMA (I, II, and III), aquatherapy applied on early period have positive effects on motor performance. In addition to positive aspects of aquatherapy, it has been shown that both the pulmonary functions are preserved and the parents improve their quality of life in this case report. However, it is thought that the abnormal variability in the quality of life of the child is due to the age of the child. There are no studies evaluating the pulmonary function after aquatherapy in children with SMA. However, due to the hydrostatic pressure of the water, it is thought that aquatherapy affects the pulmonary functions positively. In our study, the fact that pulmonary functions after aquatherapy were preserved in spite of minimal developments, indicates that the training would be beneficial for children with SMA. What limits this study is that the data cannot be generalized as with all case reports and exercise capacity (etc. maximal workload and O~2~ uptake) was not assessed.

Although it is not possible to generalize the case results, it has shown that both ergometer training and aqutherapy are effective on motor functions and quality of life and can be used safely among children with SMA type II, as in other types of SMA. Although selection of aerobic training depends on the preferences and socio-economic status of their family, in our case, parents and the child preferred aquatherapy. These results indicate that there is an improvement of motor and pulmonary functions and quality of life as well as the preservation of the gain for 1 year will be a guide for larger and controlled studies for researchers working in this area. Also, these kinds of improvements in this disease characterized by progressive muscle weakness have once again emphasized the effectiveness of aerobic training. According the results of medical study carried out among the patients with SMA type I, it has shown that the effect of medication the children who received medication on the functionally high level, is higher comparing the others ([@b4-jer-15-2-322]). The possibility of gaining the higher medication effect in the future clinical studies among the other SMA patients in addition to SMA type I, and the high possibility of including the patients which are on the high functional level to these studies have once again emphasized the utmost importance of alternative methods such as aerobic in this field.
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###### 

Pulmonary functions and quality of life scores of the child and his parents

  Parameter               Pre-ergometer training   Postergometer training   Preaquatherapy   Postaquatherapy   Follow-up                               
  ----------------------- ------------------------ ------------------------ ---------------- ----------------- ----------- ----- ------- ----- ------- -----
  Pulmonary function                                                                                                                                   
   FVC (L)                1.45                     157                      1.44             128               1.53        126   1.62    133   1.59    119
   FEV~1~ (L)             1.31                     155                      1.36             134               1.47        136   1.51    139   1.44    121
   FEV~1~/FVC (%)         90.30                    96                       94.40            101               96.00       103   93.20   100   90.50   97
   PEF (L/sec)            2.40                     303                      2.54             215               2.56        169   2.70    178   2.75    143
                                                                                                                                                       
  Quality of life                                                                                                                                      
   Parents proxy-report   40.00                    55.00                    39.00            59.00             55.00                                   
   Child self-report      61.76                    52.94                    70.58            73.52             55.88                                   

FVC, forced vital capacity; FEV~1~, forced expiratory volume in 1 sec; PEF, peak expiratory flow.
